ABSTRACT We used multiple linear regression to study predictors of systolic blood pressure response (SBPR), i.e., the increase in pressure above baseline after 3, 6, and 9 min of treadmill exercise, in 4262 men and women. Predictors considered were usual SBP, the difference ( 
SBPR among healthy men and women is not explicable by resting blood pressure, age, or sex,1-3 the finding that SBPR is predictive of subsequent hypertension,4 and the observation that labile hypertension may be as important as stable hypertension in the prediction of subsequent cardiovascular events. 5 In addition, to our knowledge no study has been published that has evaluated the independent relationship of SBPR to multiple personal charactenrstics such as obesity, alcohol consumption, cigarette smoking, regular exercise, educational level, or gonadal hormone use (in women), although all of these have been reported to have some relationship to resting blood pressure.6 '7 As part of the Lipid Research Clinics Progam Prevalence Study we studied SBPR to treadmill exercise in men and women in nine North American populations and evaluated the relationship of SBPR to "usual" SBP, the difference between resting SBP and SBP immediately before exercise (A SBP), age, sex, level of education, obesity index, alcohol consumption, cigarette smoking, regular exercise, preexercise heart rate, and gonadal hormone use (in women).
Methods
Details of the Lipid Research Clinics (LRC) Progam Prevalence Study are described elsewhere.8 Subjects were recruited from 10 separate North American study populations. At visit 1 fasting plasma cholesterol and triglyceride were measured, and a brief interview that included questions on age and education was completed. A random sample of participants (15% of total study population) was recalled for a much more extensive examination at visit 2 and these subjects constitute the population for this report. At visit 2, a detailed medical and family history was taken and subjects were asked about their alcohol use, cigarette smoking, and exercise habits and about medications they were taking. Measurements taken included those of systolic and diastolic blood presure, height (in cm), weight (in kg), and plasma lipids and lipoproteins. Blood pressure was recorded four consecutive times with, alternately, a standard mercury sphygmomanometer and a random-zero mercury sphygmomanometer. The latter device, by adding a varying increment, prevents the observer from knowing the true blood pressure. Blood pressure was measured from the right arm of seated subjects; systolic and fifth-phase diastolic pressures were recorded. The average of the two random-zero recordings was used for determination of usual SBP.
Educational status was divided into three categories: less than high school, high school, or more than high school. The Quetelet index (expressed in kg/cm2 x 1000) was used as the obesity index. Alcohol consumption was converted to milliliters of ethanol per day with the use of a formula that took into account the different amounts of ethanol in beer, wine, spirits, and liqueurs The number of cigarettes smoked per day by those who smoked was recorded. Exercise history consisted of the subjects' yes or no answers to the question "Do you regularly engage in strenuous exercise or hard physical labor?" The use of antihypertensive drugs in subjects of both sexes and the use of oral contraceptive and postmenopausal estrogens in women were recorded.
Treadmill test procedures. Treadmill testing was usually performed several hours after the interview described above. Before the exercise test a physician obtained a medical history and performed a physical examination. Subjects were considered eligible or ineligible for the treadmill test study based on this evaluation. One and a half percent of all exercise tests were rescheduled, usually because of equipment malfunction, and 6.1% of subjects were excluded from the study (1% for a preexercise SBP of less than 90 or greater than 200 mm Hg or a diastolic pressure greater than 120 mm Hg). The treadmill exercise test procedure was the Bruce protocol as modified by Sheffield et al.'0 Subjects started by walking at 1.7 mph up a 10% grade for 3 min and the speed and grade were increased every 3 min until they reached 85% to 90% of their age-adjusted, predicted maximum heart rate or until fatigue or medical contraindications to continued exercise were observed. The target heart rates for terminating the test were determined by age and level of physical activity. "I Brachial arterial blood pressures were recorded in the right arm of standing subjects immediately before they started the exercise test, during the third minute of each 3 min stage of exercise, and immediately after exercise and at minutes 2, 4, and 6 of recovery with a standard mercury manometer and stethoscope. Since the workload was designed to be submaximal, a definite SBP peak was not usually recorded. The systolic reading just before exercise was the preexercise SBP and A SBP was defined as this preexercise pressure minus the first standard resting pressure during the earlier interview. A 12-lead electrocardiogram (ECG) was recorded in supine subjects. Six leads (V4 through V6, X, Y, and Z) were recorded in standing subjects before, during, and after exercise at the same times as above. Each regression model was repeated excluding data from subjects who used antihypertensive drugs to evaluate the effect these drugs might have had on the results. Tables 4A and 4B show data for women 20 to 49 years old. As in men, A SBP was positively associated with SBPR at all stages, but again the coefficients were less than l and diminished from SBPRI to SBPR3. Age and Quetelet index score showed significant positive associations with SBPR, and the coefficient for Quetelet index score increased from SBPR, to SBPR3. Unlike the results in men, smoking was not significantly associated with SBP. Also contrary to the results in men, alcohol consumption was positively associated with SBPR2 and SBPR3 in women, and better educated women had a lower SBPR, than women without a high school education. Heart rate data were similar to those in men. Regular exercise was marginally associated with SBPR2. Usual SBP and gonadal hormone use were not associated with SBPR in this group of women, and again data from those in the restricted set were similar.
Results
CIRCULATION CRIQUI et al. Tables 5A and 5B show the multivariate data for women 50 years old or older. The only significant finding at all three stages of exercise was the association of A SBP with SBPR. Interestingly, usual SBP was negatively associated with SBPR, and the coefficients were significant for SBPR1 and SBPR2. The number of women in this age group was considerably smaller than in the younger group, so there was less statistical power to show true associations when they did exist. Quetelet index score was positively and significantly associated with SBPR, in all subjects, but of values distant from the mean to be closer to the mean on remeasurement, augmented the A SBP at lower usual SBP levels and reduced or reversed A SBP at higher usual SBP levels. Another possibility is that in some subjects a high usual SBP may have reflected a maximal increase in anxiety at the time of the initial measurement, with no further increase occurring just before treadmill testing. A SBP was a consistent predictor of SBPR, an expected finding since SBPR was defined as including A SBP. We expected that if A SBP were completely unrelated to SBPR in dynamic terms, we would find a positive correlation with a regression coefficient of 1.0 since the A SBP value would simply be added to the increase in response above the preexercise pressure to give the total SBPR. However, if A SBP were a marker for blood pressure "hyperresponsiveness," A SBP would predict an SBPR increase beyond just the A SBP contribution, and the correlation would be positive with a regression coefficient greater than 1.0. However, the actual multivariate data showed an inverse dynamic relationship between A SBP and SBPR, with regression coefficients of only 0.5 to 0.6, indicating that for each millimeter of mercury increase in A SBP added to the response, the total SBPR increased only 0.5 to 0.6 mm Hg. Thus, the data suggest a somewhat finite or fixed range for SBPR such that potential SBPR was in a sense partially "used up" by A SBP. ,A SBP and SBPR are in this sense reciprocally related, even though each might be conceptualized separately as being a marker for blood pressure lability. Increases in SBP just before exercise testing have been reported,'3 and some of these blood pressure elevations were reversed in the first minute or so of exercise. A 2 min, low-speed, zero-grade warm-up stage has been suggested to help deal with this problem. '4 Age. In industrialized societies age is uniformly related to usual SBP. Our analyses show that, in men and younger women, age was also strongly associated with SBPR and that this association could not be explained by other characteristics that may be age related, such Quetelet index. The association between obesity and usual SBP has been repeatedly observed, and was observed in this population.6 Indeed, experimental work suggests that the association is causal. 16 Our data demonstrate that, independent of its association with usual SBP and other variables, the obesity index in men, and in women 20 to 49 years old, was strongly positively associated with SBPR. In addition, the regression coefficient grew larger with increasing duration of the test. This indicates not only that obesity was related to SBPR, but that it had more of an effect as the test progressed. This finding is compatible with the concept of increasingly extreme responses in obese, poorly conditioned subjects as the workload increases. Women 50 years old or older were the exception. Although there was a positive association between obesity and SBPR1 in this group, the association became negative and nonsignificant by SBPR3. Analysis of data from the restricted set produced negative Quetelet index coefficients that approached significance. Perhaps the 141 of 573 (25%) women 50 years old or older completing all three stages were a highly selected group in which a higher obesity index may have been associated with more muscle mass (as opposed to adipose tissue) and better conditioning. Alcohol consumption. The association of alcohol consumption with usual SBP in the LRC populations has been published. Briefly, alcohol consumption appears to increase usual SBP in both men and women, perhaps at least in part by a withdrawal mechanism.9 In this study SBPR was not associated with alcohol consumption in men, but the coefficients were positive in women, although only statistically significantly so in women 20 to 49 years old. This suggests that, in women, in addition to the effect of alcohol on usual SBP, about two drinks per day, or 30 ml of alcohol, will increase SBPR3 1 to 4 mm Hg. A withdrawal mechanism may similarly be involved.
CIRCULATION
Cigarette smoking. In an experimental study, cigarette smoking increased blood pressure over the short term. 17 Cigarette smoking in this study was not associated with SBPR in women, but was significantly associated with SBPR2 and SBPR3 in men. Similar to the findings for Quetelet index, the coefficient increased from SBPRI to SBPR3, and this may similarly reflect increasingly extreme response to workload in poorly conditioned smokers. Also, smokers and obese subjects may have stiffer arteries from extant arterial disease and this may result in a greater recorded, although not necessarily actual, SBPR.
Regular exercise and preexercise heart rate. Unlike the finding of LRC Prevalence Study for usual SBP,6 regular exercise was not significantly associated with lower SBPR. However, preexercise heart rate was controlled in this multivariate analysis, and this variable may be a partial surrogate for good conditioning and regular exercise. Although the results for heart rate in both sexes at SBPRI were consistent with the idea that low heart rates reflect good conditioning and are associated with a lower SBPR, the observed effect was greatly reduced at SBPR2 and reversed at SBPR3 both in the total and restricted data set. This reversal may indicate that heart rate in this setting was more indicative of subjects' anxiety than of conditioning. Thus, anxious subjects with high heart rates had a large SBPR1, but may have had a lower SBPR2 and SBPR3 because they had "used 232 up" much of their finite SBPR range at SBPR, . We are currently planning an analysis of correlates to heart rate response to treadmill exercise, and this may shed some light on this finding.
Gonadal hormone use in women. We have previously reported positive associations between both oral contraceptive and postmenopausal estrogen use in women and usual SBP, although only the association with oral contraceptives was statistically significant. 6 The only significant association between gonadal hormone use and SBPR was at SBPR1 in women 50 years old or older. This result excepted, gonadal hormone use in women did not appear to be a significant predictor of SBPR.
There are several behavioral and other variables significantly related to SBPR in adult men and women that help explain the considerable variation observed in SBPR in the general population. The findings relating to A SBP suggest that SBPR may have a more specific and finite range than was previously believed. In addition, the A SBP findings indicate that on the average preexercise blood pressures were over 3 mm Hg higher than they might have been in a less stressful situation.
It also might reasonably be assumed that if SBPR is predictive of subsequent hypertension and its sequelae and/or if labile hypertension is predictive of subsequent mortality, one might see associations between SBPR and variables known to be associated with hypertension. Indeed, our results suggest that, above and beyond any association with usual SBP, age, education, obesity index, alcohol consumption, cigarette smoking, preexercise heart rate, and gonadal hormone use (in women) are all independently and significantly predictive, in at least one age-and sex-specific group, of the degree of SBPR to exercise. This congruency of findings strengthens the potential prognostic significance of the SBPR to treadmill exercise in adults.
